Carcinoid syndrome (CS) is a debilitating disease caused by functional neuroendocrine tumors. Several treatment options are available to alleviate the hormonal symptoms, but their relative efficacy is unknown. Online databases were searched for publications on the treatment of CS symptoms. Independent reviewers assessed relevant publications for study quality and outcome. Meta-analysis of the outcomes of the intervention on CS-related symptoms was stratified by the type of treatment. We found 3682 therapeutic interventions on CS-specific outcomes were collected from 93 studies. Overall, the study qualities were poor with only six randomized controlled clinical trials. The somatostatin analogs octreotide and lanreotide induced symptomatic improvement in 65-72% and biochemical response in 45-46% of patients. An increase in dose or frequency or interclass switch led to a reduction of flushes and/or diarrhea in 72-84% of cases. Retrospective, institutional series showed that liver-directed therapy can improve symptoms in 82% of CS patients with a liver-dominant disease. The serotonin synthesis inhibitor telotristat ethyl reduced bowel movements in 40% of patients with diarrhea refractory to somatostatin analogs. Interferon-alpha controlled CS symptoms in 45-63% of cases. Favorable response has been noted after radionuclide therapy in subgroup analyses of studies not specifically involving CS patients. Chemotherapy and everolimus did not induce a significant response in the CS. We conclude that several treatment lines can be offered to patients suffering from the carcinoid syndrome. Initiation of randomized controlled trials with a primary outcome on carcinoid syndrome symptoms is strongly recommended.
Introduction
Neuroendocrine tumors (NETs) can produce a variety of biologically active substances that are capable of eliciting symptoms in patients (Hofland et al. 2018) . The classical example of a hormonal syndrome caused by functional NETs is the carcinoid syndrome (CS). First described in 1931 (Scholte 1931) , this syndrome is characterized by the occurrence of increased bowel movements, vasoactive flushes and bronchospasms as well as long-term fibrotic changes in the mesentery and of the cardiac valves (van der Lely & de Herder 2005) . The main mediator of carcinoid-related sequelae, particularly diarrhea and fibrosis, is thought to be the amine derivative serotonin (5-hydroxytryptamine). Other co-secreted peptide hormones and amines include bradykinins, tachykinins and histamine and have also been implicated as causing cutaneous flushing and respiratory complaints in NET patients (Oates et al. 1964 , Norheim et al. 1986 .
CS is predominantly encountered in patients with midgut NETs, but can also be present in patients with NETs of other origin (Halperin et al. 2017) . Importantly, the secreted vasoactive substances have to bypass the portal circulation and enter the systemic circulation directly since the liver will actively metabolize and inactivate these. This means that all serotonin in the portal vein is metabolized into the inactive 5-hydroxyindolacetid acid (5-HIAA). Gastroenteropancreatic NETs can metastasize to the liver, lymph nodes and bone, but CS is generally seen in patients with liver metastases (Grahame-Smith 1970) . Consequently, the majority of CS patients cannot be treated with curative intention. The management of CS thus forms an important part of palliative care in this patient subset. Throughout the years, many different therapeutic modalities have been introduced for the treatment of CS, including liver-directed therapy, chemotherapy, interferonalpha (IFN), somatostatin analogs (SSAs), targeted radionuclides and drugs interfering with the serotonin pathway.
Treatment of individual patients should consider the patient's performance status and severity of complaints as well as tumor grade, stage and primary location. The international guidelines (Pavel et al. 2016 , Strosberg et al. 2017b recommend SSAs as firstline therapy in CS in stage IV NET patients. Second-line options include IFN, locoregional therapy, SSA dose increase, everolimus or peptide receptor radionuclide therapy (PRRT) using radiolabeled SSAs without a clear preference of one treatment above the other. This follows a general lack of availability of well-designed randomized clinical trials dedicated for the treatment of CS as well as the absence of guidelines for measuring CS symptom response in a standardized fashion. Three systematic reviews on the treatment of CS have been published that specifically focused on first-line SSAs (Modlin et al. 2010) , high-dose SSAs (Broder et al. 2015) and refractory CS (Riechelmann et al. 2017) . In order to advance the evidence-based treatment of CS, a systematic review and meta-analysis was undertaken to summarize available data on all known treatments of the hormonal complaints within the clinical spectrum of the CS.
Methods

Literature search
Online databases were mined on May 11, 2018, for publications on the treatment of carcinoid syndrome according to the following strategy: PubMed: ((((((malignant ( EXACTKEYWORD , "Human" ) ). This search yielded a total of 913 hits. Cochrane contained no published systematic reviews on CS, but only a single protocol (Guo et al. 2013 ). An additional group of 19 publications was added as crossreferences during the full-text screening.
Selection of studies
After the removal of duplicates, 820 publications were left for eligibility check. Through screening of the title and abstract, non-eligible studies were excluded. This left a selection of 157 publications for full-text evaluation. Because of the overall lack of randomized controlled trials, it was decided that retrospective series or singlearm treatment studies were also eligible for inclusion. Publications lacking a description of specific symptoms in the patient selection with CS or lacking quantitative outcome data were excluded. Consequently, studies only describing the antiproliferative effects of an intervention without symptom or biochemical data specifically in patients with CS were also excluded. This evaluation yielded a total of 92 publications that fitted in the inclusion criteria for meta-analysis. Evaluation was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement (Moher et al. 2009) . Figure 1 illustrates the study selection process.
Data collection and risk of bias
Full-text papers were scored independently by two authors (J H and A D H) using a standardized data extraction form, based on the Cochrane Guidelines (Higgins & Green 2011). As an indicator for methodological quality, publications were scored for several items for selection, performance and reporting bias using a low, medium or high scale denoting the quality of the publication. Selection bias was scored from the descriptions of randomization and inclusion criteria. Performance bias was evaluated by screening for descriptions of a control arm and allocation concealment. As criteria for reporting bias, incomplete data handling, selective reporting and industry funding were separately scored. Eligibility criteria and consistency in reporting were discussed at multiple teleconferences. Inconsistencies in scoring between the two reviewers were checked by a third author (W T Z) who made the final decision.
Meta-analysis
Data were constructed according to Cochrane Guidelines (Higgins & Green 2011) . Given the available treatment options, publications were allocated into one of the six groups: chemotherapy, IFN, SSA, liver-directed therapy, radionuclide therapy and serotonin pathway inhibitor. Also, data were extracted for a placebo-treated group. For the purpose of meta-analysis, efficacy outcome data were extracted as the percentage of patients with clinical or biochemical response following a specific intervention. Clinical response included overall symptom control and complaints of diarrhea and/or flushes. Biochemical response was evaluated as change in urinary 5-HIAA excretion specifically, and data on other biomarkers (such as chromogranin-A or gastrin) were excluded. Other (surrogate) outcomes such as stool consistency, bronchoconstriction, circulating serotonin levels or quality of life were recorded, but included insufficient data for meta-analysis. Duration of response was not recorded due to the overall inconsistent reporting of this outcome for symptom or biochemical control. Statistical analysis was performed using Prism, version 7 (Graphpad).
Results
Quality check
Overall, the methodological quality of the 93 studies that were selected was low, as summarized in Supplementary Table 1 (see section on supplementary data given at the end of this article). The presence of single-center retrospective series dominated over prospective studies and were at high risk of exaggerating the efficacy of a given treatment modality in patients. However, the majority of prospective studies in CS patients also lacked a control arm and blinding of the patient and investigator. A considerable proportion of studies was not limited to CS patients, but also included patients with non-functional NETs or functional or syndromic pancreatic NETs. Only six studies focused on CS-specific outcomes and were designed in a randomized controlled fashion; all were industry funded and published after 2005 (Arnold et al. 2005 , Pavel et al. 2011 , 2018 , Vinik et al. 2016 . In total, 3682 individual therapeutic interventions in patients with CS were included in the meta-analysis.
Outcome Placebo
Only four trials reporting on symptomatic or biochemical CS outcomes contained a placebo treatment arm (Supplementary Table 1 ). A total of 132 patients received placebo treatment in one study evaluating the SSA lanreotide (Vinik et al. 2016) and three studies in patients with refractory diarrhea to SSAs treated with telotristat ethyl , Pavel et al. 2018 . The effect of placebo was present but modest in these groups with 16 out of 56 (29%) patients obtaining a symptomatic response and 9 out of 76 (12%) patients with a reduction in diarrhea (Fig. 2) . Additionally, 19% of patients (11 out of 57) had a more than 30% decrease in their 5-HIAA levels.
Somatostatin analogs
Since the introduction of SSAs, different formulations of octreotide and lanreotide have been extensively studied in patients with CS. Both analogs predominantly target the somatostatin receptor subtype 2 (Hofland & Lamberts 2003) and are regarded as first-line treatment for CS in unresectable and/or metastasized NET (Pavel et al. 2016 , Strosberg et al. 2017b . More recently, the results of high-quality double-blind placebo-controlled trials studying the antiproliferative effects of octreotide LAR and lanreotide autogel led to the world-wide registration of these drugs as antiproliferative agents in NET patients. However, the PROMID study (Rinke et al. 2009 ) lacked data on symptomatic or biochemical control for a CS subset, whereas the CLARINET study (Caplin et al. 2014) did not include patients with the CS.
In this meta-analysis, 1945 interventions reported in 33 studies with these SSAs in CS patients have been collected (Supplementary Table 1 ). Many patients commencing on SSAs in these studies were pre-treated with different SSA formulations before enrolment (range 0-92%). Six studies in 378 patients specifically investigated an escalation in SSA dose/frequency or SSA switch after progression under a regular dose of SSA. This included 72 patients who switched to the multi-somatostatin receptor-targeting analog pasireotide. These second-line treatment studies were evaluated separately.
After the start of therapy, octreotide induced a response of overall symptoms in 66%, of diarrhea in 65% and of flushes in 72% of subjects (Fig. 2) .
Figure 2
Meta-analysis of treatment outcomes for carcinoid syndrome-targeting therapies. Outcome of placebo and six separate intervention categories are depicted as mean (total) response rate ± standard deviation. Definition of response differs between studies, but generally represents normalization or >30-50% reduction in 5-HIAA levels or symptoms. The outcome of overall symptoms is dependent on the publication, but only descriptions specific for CS symptoms were included. All intervention categories are stratified according to dedicated studies as well as combined in 'all'. 5-HIAA, 5-hydroxyindolacetid acid; 5HTR, serotonin receptor; IFN, interferon-alpha; MIBG, 131 I-metaiodobenzylguanidine; PRRT, peptide receptor radionuclide therapy with radiolabeled somatostatin analogs; SSA, somatostatin analog; N, number of patients in meta-analysis; NA, not available.
Patients with the CS treated with lanreotide experienced similar response rates of 65, 65 and 69%, respectively. When combined with retrospective studies including the use of both analogs, control of the most relevant CS-elicited symptoms was obtained in 66-70% of patients. Conversely, the biochemical response of 5-HIAA levels was lower in 45-46% of CS patients treated with either SSA. Overall, effects were consistent between the different formulations (short vs long acting) or analogs (octreotide vs lanreotide) when evaluating control of the CS. The prospective studies that possessed a higher quality of design and large patient numbers reveal response rates that are compatible with these estimated percentages (Arnold et al. 1993 , O'Toole et al. 2000 , Pavel et al. 2011 , Ruszniewski et al. 2016 .
In the field of second-line treatment after SSA, two retrospective studies evaluated dose escalation (Strosberg et al. 2014 , Al-Efraij et al. 2015 , while two prospective studies investigated the effects of decreasing the injection interval to 21 days (Ferolla et al. 2012) Table 1 ). These strategies resulted in a reduction of diarrhea in 116 out of 161 (72%) subjects and of flushes in 107 out of 127 (84%) patients. The biochemical response reported in these studies was less pronounced at 29% (Fig. 2) . Alternatively, two studies in CS patients refractory to octreotide or lanreotide demonstrated that a SSA switch to pasireotide only led to a symptomatic response in 21 out of 87 (24%) patients (Kvols et al. 2012 , Wolin et al. 2013 . Detailed information on diarrhea, flushes or 5-HIAA levels was lacking in refractory patients who were switched to pasireotide.
Interferon-alpha
Positive effects of IFN on carcinoid syndrome were first described in 1983 (Oberg et al. 1983) . Studies in patients treated with IFN have focused on control of both proliferation as well as of CS symptoms. Importantly, fatigue, fever and flu-like symptoms occurring in the majority of patients has been described in most studies, hampering the tolerability of IFN (Oberg 2000) .
Data on 347 patients from 16 studies treated with different formulations and combinations of IFNs were collected (Supplementary Table 1 , see section on supplementary data given at the end of this article). A single RCT evaluated the effect of the addition of IFN to immediate-release octreotide (Arnold et al. 2005) . In this multicenter study, 39 patients with CS were included and no significant additive effect of IFN was shown on top of the SSA when studying the CS-related outcomes. In four single-arm prospective series studying 73 CS patients, the reported response rates of IFN monotherapy varied widely between 0-90% and 50-80% for clinical and biochemical control, respectively (Moertel et al. 1989 , Nobin et al. 1989 , Veenhof et al. 1992 , DiBartolomeo et al. 1996 . Combining all IFN studies, including those with SSA or chemotherapy co-treatment, response rates for overall symptoms, diarrhea, flushes and 5-HIAA levels are 63, 45, 61 and 52%, respectively (Fig. 2) .
Chemotherapy
Studies evaluating the effect of chemotherapy on CS started as early as the 1960s. Most reports on chemotherapy for malignant CS are from before 2000, but were excluded in the current meta-analysis due to the inconsistent description of CS-specific outcomes. Unfortunately, most studies using chemotherapy restrict their data to the biochemical response (Supplementary Table 1 ). The reported 5-HIAA response rates following chemotherapeutical regimens including combinations of streptozotocin, cyclophosphamide, platinum derivatives or 5-fluoruracil are 31% in 111 patients in total (range 0-71%). Clinical response data are limited to that for cisplatin (0%), cyclophosphamide with methotrexate (6.7%) and lomustine and 5-fluoruracil (60%). Importantly, studies also detail about the significant adverse effect profiles observed in patients undergoing these various regimens.
Although not considered as chemotherapy, everolimus is registered as an antiproliferative treatment option for progressive NETs. In the RADIANT-2 trial (Pavel et al. 2011) , the combination of octreotide LAR with everolimus elicited a biochemical response in in 81 out of 140 (61%) patients with midgut NET and hormonal complaints, compared to 76 out of 141 (54%) patients receiving octreotide LAR monotherapy. However, the prevalence of diarrhea was higher in the everolimus plus octreotide LAR group (27 vs 16%). A small retrospective series (Bainbridge et al. 2015) showed improvement of diarrhea or flushes in 6 out of 10 and 5 out of 7 patients with refractory CS symptoms, respectively, after the addition of everolimus to octreotide.
Liver-directed therapies
This category is characterized by poor quality data, as evidenced by the many uncontrolled (100%), retrospective (95%), single institutional (100%) series (Supplementary Table 1 ). Studies involved a multitude of interventional techniques including surgical segment resection, radiofrequency ablation, cryosurgery, bland embolization, chemoembolization or radioembolization. In the meta-analysis, hepatic interventions in 579 patients were collected from 25 studies. Often, patients were concurrently being treated with other modalities including SSAs, which presents a significant bias in interpretation of the outcome of liver-directed therapies. For most studies, the clinical response was described without further quantification or clarification of symptoms. Only 2 out of the 22 studies on liver-directed therapies stratified the changes in symptoms according to diarrhea or flushes (Maton et al. 1983 , Drougas et al. 1998 .
Overall reported clinical and biochemical response rates are high, especially in the very small series. The combination of the different liver-directed modalities resulted in a symptomatic response in 393 out of 479 (82%) patients, whereas urinary 5-HIAA levels were significantly reduced in 116 out of 191 (61%) patients (Fig. 2) . The majority of studies concerned treatments with bland embolization, chemoembolization or radioembolization. When combining all embolization techniques, response rates are 82 and 63% for overall symptoms and serotonin release, respectively. Importantly, this efficacy does not appear to be further reduced in those patients who have been pre-treated with SSAs.
Radionuclide therapy
Systemic treatment of NETs with radiolabeled molecules has predominantly been given to patients with a progressive disease. Options include 131 Iodine-labeled metaiodobenzylguanidine ( 131 I-MIBG) and 90 Yttrium ( 90 Y) or 177 Lutetium ( 177 Lu) labeled SSAs. Effects of 131 I-MIBG on CS-specific outcomes have been described in four series, including one prospective study, in 48 patients in total (Table 1) . Patients were pre-treated with SSAs in 13-100% of cases. The meta-analysis for 131 I-MIBG was restricted to the outcome of overall symptoms, which were alleviated in 43 out of 55 (78%) patients (Fig. 2) .
Peptide receptor radionuclide therapy (PRRT) with 177 Lu-DOTATATE is an effective antiproliferative therapy in midgut NET patients progressing on a regular SSA dose (Strosberg et al. 2017a ). Many institutional series have reported their experience with radiolabeled SSAs, but data specific to the treatment of CS is very limited. Through the systematic review, 156 patients with CS-specific outcomes after treatment with either 177 Lu-DOTATATE or 90 Y-DOTATOC were selected from four prospective phase 2, single-center studies (Table 1) . Overall biochemical response was poor in 17% of 177 patients available, but symptomatic improvements were more promising in 74% of 47 patients suffering from diarrhea or 64% of 56 patients with flushing (Fig. 2) . These clinical effects were obtained despite a high prevalence of pre-treatment with non-radioactive SSAs (64-100%).
Serotonin pathway inhibitors
As serotonin is a crucial contributor to the clinical complaints within the CS spectrum, studies have evaluated the inhibition of serotonin synthesis or action. The serotonin receptor antagonists cyproheptadine (Moertel et al. 1991) and ondansetron (Wymenga et al. 1998) have been evaluated in two prospective trials of patients with refractory CS. As expected, there was no biochemical response, but anti-diarrheal effects were seen in 6 out of 6 patients receiving ondansetron and in 6 out of 12 patients on cyproheptadine. A recent retrospective series confirmed the potency of ondansetron on refractory bowel symptoms in 11 out of 13 CS patients (Kiesewetter et al. 2018) .
Recently, a novel serotonin synthesis inhibitor named telotristat ethyl was tested in a series of placebocontrolled, double-blind, phase 1-3, multicenter clinical trials in patients with CS refractory to SSAs. In the phase 1-2 studies (Pavel et al. 2011 , antidiarrheal and biochemical response was present in 33 and 31% of patients, respectively, on telotristat ethyl. The phase 3 trials which investigated the efficacy and safety of telotristat ethyl in patients with uncontrolled CS were designed for patients with either 4 or more stools per day (Kulke et al. 2017) or less than 4 stools per day (Pavel et al. 2018) . Biochemical response was significantly higher in telotristat-treated patients compared to placebo treatment in both studies. A favorable effect of telotristat ethyl on diarrhea was shown in 40-44% of patients, compared to 0-20% of patients treated with placebo. In patients with 4 or more stools per day, placebo reduced daily stool frequency by 0.9 times, whereas telotristat ethyl 250 mg tid or 500 mg tid reduced daily stool frequency by 1.7 and 2.1 times, respectively. As expected from the known actions of serotonin, flushing was not significantly reduced.
Discussion
The carcinoid syndrome is a hormonal syndrome caused by the secretion of peptides and amines that stimulate gut motility, vasodilatation and fibrosis. Due to its rare Endocrine-Related Cancer incidence (Halperin et al. 2017) , there is a lack of welldesigned clinical trials evaluating the efficacy and safety of surgical or medical interventions on CS-induced symptoms. This is illustrated by the first publication of a dedicated RCT for CS only 13 years ago (Arnold et al. 2005) . Instead, most published data concern institutional experience, single-arm studies with limited patient numbers or subgroup analyses within larger studies incorporating non-functional NETs. This impedes the formulation of evidence-based decisions on the preferred therapy for patients with the CS. However, below we try to put the collected data into context and propose a strategy for CS patient management based on the available evidence. Importantly, we refrain from recommendations on the oncologic therapy of choice as this systematic review only evaluated the outcomes of symptoms or serotonin production. In the clinical setting, the hormonal syndrome should always be evaluated in conjunction with the tumor bulk, primary localization, tumor grade and stage, tumor growth rate and prior response to therapy as the available treatment options might have both antihormonal as well as antiproliferative outcomes. Also, consideration should be given to the wider differential diagnosis of diarrhea in NET patients, including infection, drug-induced diarrhea, steatorrhea due to exocrine pancreatic insufficiency, postoperative short bowel and bile malabsorption.
SSAs have been the principal CS treatment for decades. Despite the lack of randomized clinical trials at their introduction, evidence clearly supports their therapeutic efficacy in the majority of patients with CS. Our meta-analysis has shown clinical response rates in 65-70% of CS patients with equal efficacy of the two major SSAs octreotide and lanreotide. These findings are in line with the previously published meta-analysis from 2010 on SSAs in CS syndrome (Modlin et al. 2010) , despite the addition of recent studies (Anthony & Vinik 2011 , Khan et al. 2011 , Pavel et al. 2011 , Martin-Richard et al. 2013 , Ruszniewski et al. 2016 , Vinik et al. 2016 . Given their efficacy and favorable safety profile, octreotide and lanreotide constitute the preferred first-line therapies to control the hormonal sequelae of CS (Fig. 3) . There exists a patient preference for the long-acting monthly intramuscular or deep subcutaneous injections over the daily subcutaneous injections, which are equally potent (Rubin et al. 1999 , O'Toole et al. 2000 . Even in case of a potential curative resection of the (often metastasized) NET, preoperative initiation of SSAs should be considered obligatory in all symptomatic patients. Importantly, perioperative infusion with octreotide should also be commenced in symptomatic CS patients in order to prevent a carcinoid crisis (Woltering et al. 2016) .
Multiple strategies have been investigated after clinical symptomatic progression during SSA therapy. As there is no reported upper limit of SSA dosing, studies have evaluated analog switch (O'Toole et al. 2000) or increments in injection frequency (Ferolla et al. 2012) or dose up to high or even ultra-high doses (Faiss et al. 1999 , Welin et al. 2004 , Strosberg et al. 2014 , Al-Efraij et al. 2015 . If tolerated, these therapeutic changes have the potential to control symptoms in up to 84% of patients without added toxicity and thus constitute a valuable alternative.
Although not evaluated within a clinical trial, a subset of patients responds favorably to daily short-acting 'rescue' SSA injections on top of the long-acting SSA. Switching to the multireceptor-targeting pasireotide does not appear to have additional benefits. Clinical response rates of pasireotide therapy were similar to those observed in placebo-treated patients and accordingly are currently not advised for refractory CS patients.
As the hormonal efflux of CS predominantly originates from the liver and endocrine activity is correlated with tumor volume (Zandee et al. 2016) , many centers have used surgical or embolization interventions to induce significant cytoreduction and consequently alleviate the hormonal symptoms. Despite the impressive response rates, the retrospective nature of 21 out of 22 studies renders a serious risk for reporting bias of successful cases. Although not part of the meta-analysis, peri-procedural complications and long-term adverse events such as liver failure should be taken into account. Current (peri-) procedural safety has advanced considerably from the early studies on hepatic artery ligation and embolization with 17-27% mortality (Maton et al. 1983 , Sjoblom et al. 1987 . Consequently, liver-directed therapies could be considered in liver-dominant, refractory CS patients, depending on the liver anatomy and tumor localizations (Fig. 3) . Options with extensive clinical experience include surgical resection, radiofrequency ablation, bland embolization and chemoembolization. A contemporary technique is selective internal radiation therapy through hepatic artery embolization with 90 Y-or 166 Ho-labeled microparticles (Jia et al. 2017) . Despite its limitations, meta-analysis was able to reveal no superiority in efficacy of one treatment over the other.
Following the pathophysiological relevance of serotonin in CS, several interventions in the serotonin pathway have been investigated. Serotonin receptors antagonists cyprohepatine (Moertel et al. 1991) , ondansetron (Platt et al. 1992 , Wymenga et al. 1998 , Kiesewetter et al. 2018 ), ICS 205-930 (Coupe et al. 1988 and alosetron (Saslow et al. 1998) have been reported to confer favorable effects on bowel symptoms. However, the study quality was generally low in all, and 3 out of 6 studies could not be included in the meta-analysis due to a difference in outcome reporting. Medical inhibition of serotonin synthesis in CS patients has been reported as early as 1967 (Engelman et al. 1967) , but clinical implementation has been restricted due to the adverse effects associated with cerebral serotonin deficiency. Recently, the oral serotonin synthesis inhibitor telotristat ethyl, which does not cross the blood-brain barrier, was introduced. In high-quality trials, telotristat ethyl inhibited diarrhea in CS patients with four or more bowel movements per day during SSA treatment. The anti-diarrheal effect of telotristat ethyl in patients with less than four bowel movements per day is statistically significant, but clinically limited at 0.4-0.6 less stools per day on average. Despite the high prevalence of biochemical response, clinical response was only obtained in 40% of patients. Consequently, a 3-month trial of telotristat ethyl could be considered in CS patients with frequent diarrhea despite SSA (Joish et al. 2018) . Telotristat ethyl should only be continued after the trial period in the case of a clear clinical benefit.
The first medical interventions for CS which were studied include chemotherapeutical regimens. Given that CS is predominantly encountered in well-differentiated, grade 1-2 NETs, chemotherapy has generally been found to exert little anti-tumoral effects. Consequently, the effects of chemotherapy on hormonal production and symptoms are disappointing at 46 and 25% of patients; the latter response rate approaches the level obtained in placebotreated patients. In the light of the severe adverse effects of the tested regimens, cytotoxic chemotherapy should be not administered to CS patients with well-differentiated NETs for purposes of hormonal control. Alternatively, everolimus has been reported to control CS-induced symptoms in case reports and series , Bainbridge et al. 2015 . The additive effect on top on SSA was limited however in the randomized controlled Endocrine-Related Cancer RADIANT-2 trial, and diarrhea is a known side effect of everolimus in 27-34% of patients (Pavel et al. 2011 , Yao et al. 2011 .
Concomitantly with the advent of SSAs into clinical practice, IFN was also introduced into CS patients. IFN possesses antihormonal efficacy, although to a lesser extent that SSAs. Importantly, side effects including cytokine release preclude widespread use of this drug in CS patients. However, it is an alternative in patients refractory to SSAs, possibly after dose/frequency increment or after adding telotristat ethyl.
Finally, radionuclide therapy can be considered in refractory CS patients as a third-line option. Despite the potential bone marrow toxicity, nuclear therapy can evoke significant antihormonal response, presumably through cytoreduction. 131 I-MIBG was only tested in a small subset of CS patients, limiting the conclusions on its efficacy. PRRT with radiolabeled SSAs has extensively been studied in NET patients (Kwekkeboom et al. 2008) and is also registered for progressive midgut NETs after SSAs (Strosberg et al. 2017a ), but to date, there are no dedicated studies for CS patients. Nonetheless, analyses of the CS subsets within the several prospective series did show promising results regarding its potent effect on hormonal symptoms in 82% of patients despite the high prevalence of SSA use.
In the light of the meta-analysis, we propose a management plan for patients with CS in Fig. 3 , based on a GRADE approach for recommendations (Atkins et al. 2004) . The favorable efficacy-to-toxicity profile of the SSAs octreotide and lanreotide secure them as firstline treatment of CS patients with an unresectable NET. Importantly, other non-hormonal causes of diarrhea and supportive measures such as anti-diarrheals should also be considered. In cases of CS that become refractory to first-line therapy, the option of significant hepatic cytoreduction through surgical resection or embolization is a viable strategy in selected patients with liver-dominant disease. When this is not feasible, escalation of the dose or frequency of the SSAs or an interclass switch could be considered. Alternatively, telotristat ethyl could be beneficial in a subset of patients with frequent diarrhea. Evidence for serotonin receptor antagonists is of poor quality, but could also be considered in refractory cases. These strategies have the potential to restrain CS in the majority of patients. However, for those cases with severe, refractory CS, clinicians could consider IFN or PRRT. The potential adverse effects and antiproliferative actions of individual treatment options should also be taken into consideration.
This study concerns the largest systematic review in the field of NET treatment and the first to evaluate all treatment modalities in CS through meta-analysis. Its strength is in the outcomes specific to CS symptoms and biochemistry, after exclusion of other hormonal syndromes, such as Zollinger-Ellison syndrome, insulinoma-induced organic hyperinsulinism or VIPomarelated diarrhea and flushing, and of other biomarkers, such as chromogranin-A or gastrin. Limitations include the overall poor quality of the included papers due to the lack of prospective trials within a dedicated group of CS patients. Data regarding quality of life, stool consistency, bronchospasm, fibrotic complications, adverse events or duration of response were too restricted or not systematically reported for inclusion into meta-analysis. Also, antiproliferative effects and progression-free survival were not included in order to focus completely on CS symptoms. Consistency in response rates throughout retrospective and prospective studies in the fields of SSA and IFN does allow the conclusion that these studies reliably estimate the treatment outcome.
There is a clear unmet need for further effective palliative treatment options for CS patients. The advent of telotristat ethyl holds promise for patients with persistent diarrhea, but only a minority of patients responded sufficiently and flushing complaints did not decrease. When studying the effects of drugs on CS, future trials should concentrate on the CS patient subset, provide clear descriptions of symptomatology before enrolment and study relevant patient outcomes. The more recent randomized controlled trials represent an appropriate model for this, but more investments should be made into the investigation of efficacy and safety of sequencing and combining existing treatments as well as of novel drug targets for CS. Learning from the past, one should study this in a dedicated, prospective, controlled trial within a clearly defined population of CS patients.
Conclusions
Efficacy of treatments targeting CS has predominantly been reported in studies of poor-to-moderate design. Despite this caveat, there are multiple treatment options to overcome hormonal production and complaints in the majority of patients. Following first-line therapy with SSAs, individual patient characteristics are the basis for decision making on how to go for several second-or third-line options with efficacy proven to a reasonable degree.
